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Abstract 
Malaysia's carbon emission level has reached an alarming point. Cnrrently, the 
country is ranked 30th for the highest amount of carbon emitted by a country. 
Construction industry alone contributes 24% of the nation's carbon emission. There 
are various ways of reducing the amount of C02 in the said industry. One of which is 
through usage of low impact materials in buildings. However, cnrrently there is no 
existing system such as Carbon Footprint Calculator for the Construction Industry 
tailoring towards the local needs. This project creates a calculator that can determine 
the carbon footprint of materials in construction projects embedded with a Case-
Based Reasoning (CBR) functionality. The project aims to reduce carbon emission 
levels for construction activity through better selection and combination of material 
resulting in lower carbon emission per square feet of a building. Construction firms 
can ouly make informed and better decision with substantial amount of information 
such as the total amount of carbon emission per square feet which the system 
calculates. Furthermore, users of the calculator also have the option to use similar 
past cases (projects)' s material selection as a solution to a new project to be 
implemented. Following the prototyping system development life cycle 
methodology, the software is further refined and tested until the prototype software is 
fully stable and functioning. The calculator's accuracy is unquestionable and very 
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Everyone in this world either in a group or individually, leaves a mark in the earth's 
atmosphere through activities that we engage in on a daily basis. This mark which 
many term as carbon footprint is the total amount of Greenhouse Gases (GHG) 
emissions caused directly and indirectly by a person, organization, event or product 
[1). The primary GHG in the atmosphere are water vapor, carbon 
dioxide, methane, nitrous oxide, and ozone [2] .The most significant GHG is carbon 
dioxide (COz), accounting for over 50% of the Greenhouse effect [3]. These gases 
trap the sun's heat and radiation before it is released back into space causing a 
warming effect to the earth. This phenomenon is better known as Global Warming 
and there are many negative side effects such as rise in the earth's temperature, 
melting of glacier that comes along with it. 
Carbon footprints can be classified into primary and secondary, the primary being 
man's direct contribution towards the emission of GHG whilst secondary refers to 
indirectly emitting these harmful gases through the whole life cycle of the product 
that we buy for consumption or use. A good analogy that many can relate to is the 
activity of driving a car. When driving, combustion of fuel causes primary footprint 
whereas purchasing fuel that went to processes of turning crude oil into diesel and 
gasoline causes carbon emission and this results in secondary footprint. 
To understand how secondary footprint works, one needs to familiarize with the Life 
Cycle Assessment (LCA) of a product. LCA starts from procurement of raw 
materials, manufacturing or processing, transporting or distributing, usage and until it 
reaches the end of its life cycle. There are two different approaches used in LCA 
namely cradle to gate and cradle to grave. The difference between the two is the end 
point for the life cycle whereby for cradle to gate, it ends once the product leaves the 
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manufacturing or processing plant (the gate) and as for the latter approach, the 
assessments stops once the product perishes (the grave). 
Several efforts taken by individuals and organizations to increase awareness of this 
issue have not remained unnoticed. Former Vice President of America, AI Gore's 
documentary entitled the 'An Inconvenient Truth' which highlighted global warming 
issues and human's destruction towards mother earth has gained public attention and 
instilled a sense of awareness in individuals towards preserving the earth. With a 
more concerned society that is eager to support this cause, some tools are now 
available to help calculate carbon emission at household or organizational level the 
most popular and widely used being the Carbon Calculator. 
1.2 Problem Statement 
Many countries are now more aware of this global issue. This is evident in the 
initiation of the Kyoto Protocol which is an international agreement linked to the 
United Nations Framework Convention on Climate Change [4]. It binds the 
participating developed countries to reduce the GHG emissions. Malaysia as a 
developing country however is exempted from such rule thus, resulting in the 
country's lack of regulation and enforcement to curb this global issue. 
Malaysia is ranked number 30th in the world for countries that has the largest 
amount of carbon emission [5]. In fact, Malaysia's C02 emission per capita in 2008 
which is 6.70 is considerably high as compared to manufacturing intensive countries 
C02 emission per capita such as China & India which recorded 4.92 and 1.25 
respectively as indicated in [6] .Ranked 30th might not seem alarming to some but if 
the country's size of land and population are taken into consideration then this 
ranking will gain the public's interest. 
One of the main contributors to carbon emission m Malaysia is the 
construction industry, accounting for 24% of the country's total COz. Refer to Figure 
1 for the breakdown of Sector's C02 emission: 
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Figure 1.1: C02 Emission by Sector, Malaysia [6] 
Town and land development in Malaysia are not subjected to rules and regulations 
regarding carbon emission as its other counterpart in other countries. Being a 
developing country, extensive development of towns and housing area can be seen in 
urbanized cities. Unfortunately, awareness on global warming and carbon footprint 
are not receiving the same amount of attention as the fast paced development of 
buildings and setting up of new businesses. 
Preventive measures need to be taken before the world experience another I degree 
rise in temperature. As construction industry contributes a quarter of the carbon 
emission in Malaysia [5], this sector needs immediate attention thus, the need for a 
Carbon Footprint Calculator arises. 
As humans, we learn from past success and mistakes and improve on them as we go 
through life. Without realizing it, we try to adapt past problem' s solutions with the 
current problem in hand by finding similarities between the former and latter' s 
features. This method of problem solving is extremely useful, not to mention time 
saving for construction firms if they can simply reuse and revise previous ' green' 
projects solutions. The method in question is Case- Based Reasoning which is also an 
essential and desirable feature apart from a calculator. 
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1.3 Objectives 
The objectives of this project are: 
• To develop a Carbon Footprint Calculator and a database system that can 
record, calculate and summarize various projects' Carbon Footprint. 
• To equip the calculator with Case- Based Reasoning functionalities that can 
retrieve the most similar projects, reuse the project's solution (selection of 
material), revise the proposed solution and retain the new solution as part of 
the database. 
• To equip the calculator to produce several C02 Emission calculations for each 
project based on scenario provided and benchmark against allowable C02 
Emission standards. 
1.4 Scope of Study 
This project will focus on developing software that caters to the construction industry 
within Malaysia only. Although there are many activities in the said industry 
affecting carbon footprint namely transportation, materials, labors, equipment and 
machinery, energy consumption and wastes, materials will be the main focus as it is 
the biggest variation of sources [7]. 
The tools and software that will be used in this project include prograrummg 
application and a database management system. 
It should also be mentioned that this project is in collaboration with the Universiti 
Teknologi PETRONAS (UTP) Civil Department who will focus more on conducting 
researches required to provide the relevant information and cases needed for the 
system. This is due to the fact that the study on Carbon Footprint in Malaysian 
Industry is still in the infancy stage thus requiring civil engineering knowledge as 
well as expertise in construction in order to conduct the appropriate research. The 
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information include vanous different categories of materials, each material's 




2.1 Carbon Footprint Increase in Malaysia 
Malaysia has experienced an increase in the number of construction activities over 
the past few years, evident when comparing the housing stock in Malaysia in the 
Year 200 l with that of 2007 as described in [8]. There was a 38% increase in the unit 
number of housing stock during that period. It is also found that the trend to use 
concrete as a structural material is becoming more common in newly constructed 
urban housing in Malaysia. This will result in a multifold increase in carbon emission 
as concrete is known to have a high percentage of embodied carbon [8]. 
2.2 Energy Consumption and Carbon Emission 
Three categories of energy consumption in relation with buildings and construction 
materials include energy in use, embodied energy and inherent energy [9]. Based on 
this report prepared by Crane Environmental Limited for Sustainable Homes 
(consultant of sustainable housing in the UK), energy in use refers to the energy 
required by occupants of a building for use such as water heating and lighting. 
Embodied energy of a building on the other hand is the total energy required to 
construct the final product (material) which includes activities such as acquiring raw 
materials, process and manufacture, transporting to site and assembling. The last 
category is inherent energy which is the release of chemical energy contained within 
a material through combustion or chemical processing. All the mentioned activities 
consume energy and in return emit carbon. The focus of this project is on the second 
category which is embodied carbon of construction material. 
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2.3 Embodied Carbon of Construction Materials 
Embodied Carbon of a material is the total primary energy consumed resulting in 
carbon release throughout its life cycle [10]. The authors in [10] states that it is a 
common practice to specify embodied carbon as 'Cradle- to Gate' because the 
boundary condition is the most commonly specified as compared to 'Cradle to 
Grave' which lacked complete consensus on the boundary conditions. Boundary 
Conditions here refer to the varions stages of a material's life cycle. For that matter, 
'Cradle- to- Gate' is used in the Inventory of Carbon and Energy (ICE) produced by 
the mentioned authors. ICE contains both embodied energy and carbon data which 
were collected from other research work with some unavailable values being 
estimated by the two researches from Bath University. The data however are mostly 
retrieved from the UK and European Countries. These data are used temporarily 
while waiting for the local version ofiCE from researchers in Malaysia. 
2.4 Carbon Emission Reduction Strategies 
Some researches and academicians have come up with several strategies that can be 
implemented to reduce carbon emission one of which is by finding substitute 
materials for buildings. It is mentioned in [11] that 10% of embodied carbon can be 
reduced if low impact materials are used as substitues. Thus the need to identify both 
types of materials with high and low embodied carbon arise. 
Apart from finding substitutes, quantity reduction of each material can also help to 
reduce carbon emission. It is stated in [9] that although some of the materials used in 
the UK construction Industry have low to moderate embodied energy, the quantities 
used are relatively high. This will also contribute greatly towards carbon emission. 
Authors of [1 0] also agrees with this notion and they further explain that materials 
must be compared on a functional unit basis. That is, two materials can only be 
compared for a set of purpose. This idea is implemented in general for this system 
whereby the comparison is done between combination of materials and the purpose 
in question here is construction of the whole building itself. Users can test several 
material's selection and combination scenarios for a particular project and compare 
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between these scenarios. They can then decide to choose the combination with the 
lesser amount of carbon emission per square feet in tonne t(C02/m2). 
2.5 Material Selection 
Material selection for buildings however is a much more complicated process as 
many considerations need to be taken into account. Other crucial criteria for selection 
as described in [12] include total energy content or the emodied energy, consumption 
of the enviromnent, emission of gases, raw materials used, cost and durability. 
Although [12] aims to higlight drawbacks of production and consumption process for 
a particular material and grasp the attention for those in the said industry, the final 
goal is to create awareness on sustainabilty as the final decision lies in the hands of 
the developers and decision maker. They are well versed in the combination of 
materials that works best for the buildings in term of it's strength and agility, cost 
incurred, resource availabilty and suitablity with the surrounding enviromnent. 
2.6 Carbon Calculator 
Similar mentioned calculator that is readily available online is better known as 
Carbon Footprint Calculator. These calculators are defmed as [13] websites that 
allow users to enter information about their lives, such as what type of car they drive, 
what size home they live in, and how often they travel by plane. This information is 
then used to give people a rough estimate of their carbon footprint by adding together 
the average amount of carbon dioxide (or carbon dioxide equivalents when including 
other greenhouse gases) produced by the reported measure of a particular 
activity. These websites however poses some flaws as it caters for personal use only 
and not for industrial organization. Furthermore, it considers a limited number of 
impact factors resulting in a less accurate result. 
The most practical approach during these early stages of the study in Carbon 
Footprint in construction industry would be the development of a Carbon Calculator 
equipped with a database system that can not only calculate the carbon emission of 
materials but also provide several carbon emission comparison (based on stored data) 
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when different combination of materials are used. A calculator that can calculate cost 
estimates of the whole project is also desirable and helpful in helping users make 
decisions. The integration of CBR to the calculator is extremely useful! as there has 
been many CBR application or system developed in the domain of civil engineering 
[14). 
2. 7 Case-Based Reasoning (CBR) 
Case based Reasoning was inspired due to domain experts' inability to externalize 
their knowledge into a set of rules to solve the problem domain [15]. The author in 
[15] further elaborates that CBR attempts to represent or formalize experts' 
knowledge in a form that can be computed and represented in system code as a set of 
rules. However, like other knowledge management techniques, there are several 
weaknesses of CBR pointed out by the author which includes varying results 
depending on experts consulted, misrepresentation of knowledge and too many rules 
to be considered. None the less, CBR has and is being used in various industries for 
problem solving and construction industry is no exception. 
Case Based Reasoning is a continuous cycle which involves 4 crucial steps such as 
[16]: 
l. RETRIEVE (find similar problems) 
2. REUSE (reuse proposed solution) 
3. REVISE (adapt and repair proposed solution) 
4. RETAIN (integrate in case base) 
2. 7 .1. CBR Approaches 
There are 3 main approaches that differ in sources, materials and knowledge that the 
CBR approaches use. Those approaches are Textual CBR, Conversational CBR and 
Structural CBR [17). A common application of Textual CBR would be information 
retrieval that conducts retrieval of text documents. Similarity is measured in terms of 
the words occurring in the documents. The second CBR approach, Conversational 
attempts to capture knowledge contained between the sender and receiver parties' 
9 
conversation. The case in Conversational CBR is represented by a list of questions 
differing from one case to another. In Structural CBR, cases are described based on a 
set of attributes with pre-defined values. 
2. 7.2. CBR Retrieval Techniques 
The most difficult part of case- based reasoning however would be the retrieval 
process which determines how a new case is similar to that of an old case before the 
solution can be implemented. In Structural CBR, a distance metric is commonly used 
to compute the similarity of two cases. This function aggregates various attribute or 
feature of the cases. In general, attributes may come in the form of discrete/Boolean 
or continuous [15]. There are also various possible aggregate functions such as 
weighted sum, cosine based measure as mentioned by the author in [15]. Techniques 
used in CBR may vary in terms of its suitability. The techniques described below are 
most commonly used in Structural CBR Approach. 
a. Nearest Neighbour Retrieval 
Nearest Neighbor Retrieval retrieves the most similar cases using weighted sum 
distance function. This concept is applied in CBR through distance calculation of the 
cases' various features. Degree of similarity is between 0 and 1, 1 being identical. 
Therefore, similarity of each feature is 1 subtracted by the distance. For example, if 
the values of a feature for both the old and new case are exactly identical, then the 
distance of the feature is 0, similarity 1. The overall case similarity is determined by 
calculating the weighted sum of all features' similarity. Based on CBR- Works (a 
similarity calculation tool or software) [16], features are further categorized as 
unordered symbols, ordered symbols, numbered, intervals, strings and taxonomy. 
The typical evaluation function used in Nearest Neighbor Retrieval is [18] as shown 
in the following formula: 
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n L w1 x sim(f; ,f:) 
similarity( Case1, CaseR) = -"1""-1 -----::.----
Lw, 
i=l 
Where w; is the importance weight of a feature, sim is the similarity function of 
features, and i/ and Jl are the values for feature i in the input and retrieved cases 
respectively. 
b. Inductive Retrieval 
This retrieval technique decides which features do extremely well in differentiating 
cases and generates a decision tree structure to organize the cases in memory [19). 
This approach however is constrained to only determine a single feature outcome 
which is dependent on other features. For example, determining a particular 
customer's loan status based on features such as income, job status and repayment 
[19). In deciding the most likely outcome, this technique will traverse the decision 
tree constructed earlier based on past cases using features of the new case. 
II 
2.8 Related Work 
2.8.1. Carbon Footprint Calculator 
• Local Embodied Carbon of Material 
A local public university in Malaysia is currently doing a research to find the 
embodied carbon values of construction materials used in Malaysia which might 
differ across continents due to the physical make up of each country, weather and 
other contributing factors. Once the research is completed, these data will be used in 
the calculation of the proposed carbon footprint calculator for the Malaysian 
Construction Industry. 
• Carbon Calculator Development 
The Edinburgh Centre for Carbon Management (ECCM) in the United Kingdom 
which is an internationally renowned analytical facility for carbon and related eco-
metrics founded by a group of scientist from the University of Edinburgh has 
produced such calculator for the construction industry in the United Kingdom. The 
calculator which is called The ECCM Building Materials Carbon Indicator is used as 
a high level analysis to calculate the embodied C02 used in the construction Industry 
[20]. An obvious disadvantage of this calculator would be the data used to calculate 
the carbon footprint is within the scope of the country and unavailability of the cost 
estimation function as well as Case-Based Reasoning functionality that this project 
system's provide. However, this calculator is useful for the project as a reference in 
identify the fields and data type required to construct the database. 
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• Online Carbon Footprint Calculator for Construction Industry 
Some websites are already available in the internet to measure carbon footprint in 
construction industry. A website by the name of carboncalculated.com provides such 
service for commercial as well as individual use [21). Commercialized ones require 
payment of fees whereas for non-commercial use is provided for free. The trial 
website appears to provide all the necessary features including breakdown of carbon 
emission according to the activities involved in construction which can be seen in 
Figure 2.1. However, carboncalculated.com poses some flaws which makes it 
unusable for the Malaysian Construction. For instance, some of the material type 
does not list the material types commonly used in Malaysia. The units are limited to 
only kg and tonne whereas in Malaysia, some materials are measured in volume, m3. 
This calculator also allows only one individual user thus limiting the access to 
members in a construction project whom play the role in material selection. 
Furthermore, the calculator-website fails to provide users a way to find and reuse 
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Figure 2.1: Carbon Footprint Calculator by Carbon Calculated 
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Other available calculators relevant to the industry include an offline calculator 
developed by the Environment agency in the United Kingdom retrieved from [22] 
and as can be seen in Figure 2.2. This programmed excel spreadsheet is a good 
reference for this project as the equation to calculate carbon emission used for this 
project is derived from its formula. This calculator allows users to input their unit 
conversion rate and embodied carbon for each material and these values can override 
the default values preset. The only disadvantage of Environment Agency' s calculator 
is it is available only in spreadsheet, thus disallowing multiple users and inefficient 
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Figure 2.2: Carbon Footprint Calculator by Environment Agency 
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2.8.2. Case-Based Reasoning Application 
Nowadays, Case-Based Reasoning is being applied across industry and discipline. 
The following will discuss related work on specific industry's Case-Based Reasoning 
• CBR in Construction Industry 
A CBR prototype was developed in [23] using the CBR- Works tool mentioned 
previously. The application which operates within the CBR- Works addresses waste 
of building material in the domain of construction management. The tool allows 
users to define the types of each attribute which will be used in the similarity 
calculation later on. Cases in the form of data sheet are fed into the system to form 
the case base. 
In [23 ], the authors describe the implementation of CBR in COMMIT which is an on 
going project that aims at providing information management support in the context 
of distributed collaborative construction engineering. The project aims to solve the 
problem of determining process specification in construction projects. This is due to 
the fact that implemented processes are commonly different than what is specified or 
intended as it is prone to changes. The author suggests Case-Based Reasoning using 
hierarchical case representation as oppose to flat-structure in order to gather 
information from the many processes. This project research which is still ongoing is 
supported by a well established UK steering group. 
• CBR in Education 
Apart from commercial usage, CBR is also being used in education particularly for 
teaching structural design to students. This CBR-learning tool is also known as SAM 
(for structures and materials) [24]. In [24], the author describes the functionality and 
application of CBR in SAM. This tool can provide assistance to users in the 
identifying relevant design cases and the modification of a case for the new design 
problem. In SAM, designs are represented as cases and case based reasoning is 
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represented as a design process. New design problems are provided as the criteria in 
searching for a design solution. These problems are also better known as case 
features. Student's interaction with SAM allows them to direct their own learning in 
the context of a design problem in architectural science. 
In conclusion, based on the literature review and work related findings, this project 
will calculate the carbon emission of materials based on the cradle to gate approach 
that measures the embodied carbon of materials as proposed in [10] using the 
embodied carbon values produced by the researchers. The carbon footprint equation 
is derived from the spreadsheet provided by [22] and [10]. The development of the 
database and interface of this system will be referred to the calculators produced in 
[20], [21] and [22] as a guide. As for the CBR Technique, the system will follow the 




The project adopts the prototyping methodology system development life cycle and 
is divided into 4 distinct phases. Phase 1 mainly revolves around reviewing similar 
existing system and gathering data required for the calculation. Phase 2 will focus on 
determining the formulas and calculation for calculating the carbon emission as well 
as technique to implement CBR. Designing of the prototype will take place in Phase 
3 and Phase 4 will conclude the whole cycle with the implementation of the system. 
The project's methodology is based on iterative development which affects phase 2 
until phase 4 which are the analysis, design and implementation phase respectively. 
Prototyping is chosen as it allows the prototype to be further refined and tested until 
it is found to produce the most accurate output and the desired result. The prototype 
will then be used as the real system. Figure 3.1 depicts the Prototyping process flow. 
" 
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Figure 3.1: Prototyping Methodology 
The project timeline is described in Table 3.1 outlining the 4 phases in the System 




Table 3.1: Project Work plan 
Planning 
• Identify Need for Carbon Footprint Calculator 
• calculator's benefits 
Analysis 
• Review Current Existing System 
• Interview Potential Users 
• Review the type of data that will be used 
• Identify Suitable Method of Calculation, 
Formulas and 
Design 
• Draw diagrams 









• Develop Database 
• Create Interface 




and CBR functionality December- January 
• 
3.1 Phase 1: Identify Need for Carbon Footprint Caleulator and It's Long 
Term Benefit 
The project starts off with identifying the need for a Carbon Footprint Calculator in 
the construction company. This is carried out through a thorough research on the C02 
emission level in Malaysia produced by the construction industry. Research have 
shown that the C02 levels in the country and in the whole world has reached an 
alarming point, thus the need for corporation to take action in becoming more 
enviromnent friendly in their work process or procurement of raw materials. During 
this stage as well, the benefits of adopting a 'green construction' approach by the 
organization and how it affects the whole ecological balance is described. 
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3.2 Phase 2: Review Current Existing System, Identify Suitable Method of 
Calculation, Formulas and CBR Technique. 
The second phase involves reviewing current existing Carbon Footprint Calculator 
that is available online. The systems' purpose, method of deriving the results, user 
friendliness and accuracy is assessed to determine the necessary improvements to 
embed in the new system. Requirements gathering are conducted through interviews 
with members of the UTP Civil Department. Information such as the proposed 
system's users, input, data type and the database values used as constants needed to 
calculate carbon emission are acquired. 
There are many differing formulas and unit of calculation used to calculate the 
carbon footprint. The method of calculation and formula used for this project is 
derived and chosen based on the work in [10]. The reason for this is because the 
database or inventory developed by the two authors is measured in kg which eases 
the conversion process from m3 to kg in which most data input are measured in m3• 
In implementing CBR, the Nearest Neighbor Retrieval technique using weighted sum 
distance function is chosen to calculate similarity between cases. The reason for this 
selection is due to the system cases' features' suitability in adapting to the mentioned 
technique. 
3.3 Phase 3: Draw Diagrams, Design Interface and Storyboard and develop 
prototype. 
During this phase, diagrams such as use- case diagrams, sequence diagram and class 
diagrams are designed. Use case diagrams will describe who are the 'actor's or users 
and how they interact with the system or the system's functionality. Sequence 
diagram will focus on the primary function or use-case of the system which is the 
'previewing the calculations'. The database is outlined using the class diagram to 
provide an overall view on how the tables in the database interact with one another. 
Based on the user requirements and calculators available in the internet, the interface 
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and storyboard is designed. The interface is presented to users for further 
refinements. 
3.4 Phase 4: Tools and Software for development 
The Database is constructed using Microsoft Access. This Database Management 
System supports relational database and programming language such as Visual Basic 
Application (VBA). VBA is the language used to develop the interface. Microsoft 
Access can easily integrate with the chosen programming language thus explaining 
the choice of both tools. 
3.5 Phase 4: Develop Database, Create Interface, and Integrate Interface 
with Database and Testing 
Once part of the database and interface is complete in which we now call the 
prototype, it is tested for bugs then presented to users for further refinements iterating 
back to the previous phase. This cycle continued until the prototype meets the full 
requirements of the users. 
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CHAPTER4 
RESULTS & DISCUSSION 
The purpose of this software apart from calculating the amount of carbon emission 
for a particular project is to provide the flexibility to users to test several scenarios 
and find the carbon per meter square feet amount of a building. The reason for this 
test scenario function is to help determine and decide the best combination of 
materials in terms of carbon emitted and cost incurred for that particular project. The 
decision making part resides in the users as each construction project has its own 
specific requirements and conditions for suitability of materials chosen. This project 
aims to quantify the mentioned measurements and provide the information to 
facilitate people in the construction industry for a more informed and better decision 
making. 
Apart from the mentioned system objectives, various research and studies have 
implemented case- based reasoning in construction industry proving that CBR is 
applicable and beneficial for the subject domain. Thus, CBR is integrated with the 
calculator to provide users with solution for their present construction project. This 
solution comes in the form of combination of materials which produces the less 
amount oftC02/m2· 
Some preliminary research on low carbon strategies and good procurement practices 
in the construction industry has been carried out by developed countries such as the 
United Kingdom and the United States. The results and outcome of these researches 
comes in the form of scale or rating of permissible carbon emission will be used as a 
guideline to the system to determine whether the scenario provided by the user is a 
good or poor construction practice in terms of constructing a 'green' building. The 
desired C02/m2 that determines a green building is below 0.5. 
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4.1 Analysis Phase Findings 
During this phase, the database that stores the typical construction materials in 
Malaysia and its corresponding embodied carbon values and density is tabled out in 
Appendix I. The values of this table are taken from [10]. With the help of a UTP 
Civil Engineering student, Nurul Izzati Zakaria who is doing her final year project in 
green building, the typical construction sub material and density value of each 
material is identified. The main materials were previously identified by Amir Hariz, a 
civil engineering graduate of UTP whose final year project was on a similar topic. 
The list of typical construction material in Malaysia prepared by Amir Hariz is as 
listed in Appendix 2. This list was produced through his analysis of Bills of Quantity 
(BQ) of several construction firms in Malaysia. During the analysis phase, this list is 
translated into a class diagram as shown in Figure 5 .in the following section. These 
database values are used temporarily to calculate the Carbon Footprint of materials 
while waiting for researchers in Malaysia to complete their study on them. 
4.1.1. Carbon Emission Calculation 
The formula to calculate the carbon emission of a specific material is also determined 
during this phase. The formula which is derived from [12] is explained as the 
quantity of x material measured in m3 needs to be converted into its equivalent kg 
value and multiplied by the Embodied Carbon- Kg C02/kg per x material in which 
both the latter values are obtained from the table in Appendix I. The formula is noted 
as the following: 
CO,Emissions (kg) =Quantity x *Density x *Embodied Carbon x Kg Co' /Kg (I) 
Whereby; 
C02Emissions (kg) = Carbon Dioxide Emission of x material measured in kg 
Quantityx = Quantity of x material measured in m3 
Densltyx = Density or 'Unit of conversion' of x in kg per m3 
Embodied Carbon x Kg Co' /Kg= 
kilogram of Carbon that is embodied per kilogram of the material x 
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The final desired output is carbon per meter square feet as comparisons between 
buildings can only be made in terms of carbon emitted per square feet of the 
buildings. To calculate this, the total amount of carbon emission for a particular 
project or building is divided by the total build up area of the building. The total 
build up area of a building is equivalent to area by number of story. 
The total build up area is noted as the following formula: 
Total Build Up Area =Area • z story 
Whereby; 
Area= width* length of building 
z = no of story 
The carbon per meter squared feet in tonne is noted by the following formula: 
tCO:Im'lt = Y CO,Emissions 
Total Build up Area 
Whereby; 
• 0.001 
l: C02Emissions = Sum of all Carbon Dioxide Emission qf a building 
4.1.2. Case- Based Reasoning ( Calculating similarity) 
(2) 
As this project follows the Nearest Neighbour Technique, the weighted sum distance 
function is used to calculate similarity between cases. This calculation is based on 
the technique proposed in [16]. The Degree of similarity is between 0 to I, 1 being 
identical. 
Distances between values of individual features: 
1. Distance for Numeric features 
dt(problem,case) = IP- clf(max difference) 
2. Distance for Symbolic features 
dt(problem,case) = 0 ifp = c 
= I otherwise 
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Similarityt(p,c) ~ 1- d 
Similarity(p,c) ~weighted Sum(Similarityt(problem,case)) 
Whereby; 




Case Similarity= W1 *St + Wz * Sz + ...... + Wn *sn 
Wt +w2+ ...... +wn 
Whereby; 
s, is similarity of lh feature 
w, is weight of l' feature 
weight is between 1 to 6, 6 being the highest. 
(3) 
The features of the system cases that are used in representing and retrieving cases 
are tabled out in the table below. 
Table 4.1: Classification of Features in CBR 
Rise High, Medium, Low 
Storey 1-8 
Area 1000-10000 Numeric 
0-1 Numeric 
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Type feature is further classified using taxonomy under 6 major categories. The 
categories include Commercial, Residential High, Residential Low, Educational, 
Industrial and Religious. Taxonomy on type feature is conducted with the assistance 
of an expert in the domain of Civil Engineering. The expert consulted is Dr Faris 
Khamidi who specializes in 'Green Building'. Usage, building requirement of each 
building type is used as a basis for the categorization. The types are categorized as 
listed in Table 4.2. Similarity values of each type within the same category are 
valued 0.7 with the exception of Religious Category which the expert placed a value 
of 0.5 due to some obvious dissimilarity in their usage and function. 
Table 4.2: Taxonomy of type feature 
Office Hotel Bungalow School Factory Church 
Shopping Apartment Linked University Power Mosque 
Mall House Plant 
Shop Lots Dormitory Semi- D 
Supermarket Condominium 
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Dr Faris has also identified the similarity values between each category of the 
taxonomy. The feature listed under a particular category will inherit the similarity 
values of its parent. Table 4.3 lists the similarity values between the different 
categories. 
Table 4.3: Similarity between Categories 








Residential Low Educational 0.5 
Industrial 0.3 
Religious 0.2 




4.2 Designing Phase Findings 
4.2.1 Diagrams 
Construction Process is divided into three stages which are Superstructure, 
Substructure and Architecture. Superstructure refers to the foundation of the building 
or anything below the ground, substructure are the building itself for example wall 
and architecture are finishing such as window, door, etc. Some materials are used in 
more than one stage. For instance, Concrete, Glazing, Metals and Timber are used by 
both superstructure and substructure thus it is designed as child classes to both 
superstructure and substructure class. Since architecture has different types of 
materials, they are separated from the other two stages. The class diagram is depicted 
in Figure 4.1. These diagrams also include the project class and contract class which 
stores basic information about the project such as the location, Project Manager etc. 
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Use case diagram as well as sequence diagram is designed to explain the basic 
functionality of the system. Based on Figure 4.2, the users whom include Project 
Team members perform the function of viewing the results. But before they are able 
to do so, each materials input such as the unit, rate, quantity needs to be entered first. 
The clerk 's role on the other band is to update the unit conversion value and the 
relevant information regarding the project. The clerk is also entitled to update the 
materials information such as the conversion rate and the embodied carbon values to 
ensure data produced is accurate. The sequence diagram as shown in Figure 4.3 
focuses on the use case of view results. It explains in detail what role each actors 







Figure 4.2: Carbon Footprint Calculator Use Case Diagram 
I 
I 
Figure 4.3: Carbon Footprint Calculator Sequence Diagram 
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The CBR model of the system is described in Figure 4.4. This model shows the 
interaction between the system, database (case- base) and users. The CBR cycle 
starts off with users identifying the feature value of the new case to be compared 
with the case base. The system then retrieves the most similar cases for the users to 
select from. After selection, users reuse the case and revise through the Carbon 
Footprint Calculator. The system then retains the new case with its revised solution. 
~b_ L Dmbase J ~F R£TAIN ~ ~RETRIEVE 
/ / REUSE 
Carbon Footprint 
Users 
calculator / < 
REVISE ~ 
Figure 4.4: Case- Based Reasoning Model 
4.3 Development Findings 
4.3.1. Interface 
The interfaces designed by future users of the system (the civil engineering 
department student) consist of the home form as shown in Figure 4.5, the contract 
form in Figure 4.6 and the sub forms under contract form which includes the 
superstructure form in Figure 4.7, substructure form in Figure 4.8, architecture form 
in Figure 4.9, summary form in Figure 4.10, the overall comparison summary form 
in Figure 4.11 and 4.12, case-based reasoning form in Figure 4.13 and material input 
form in Figure 4.14. The sub forms can be used 6 times for each contract as each 
time represents one simulation. The whole summary and comparison of each project 
is similar to the summary sub form. 
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Figure 4.5: Home Form 
-......,F......, .. 
--. G·<- •n 
..... __ § ........ So'< 
---
_.., (l~==~·l 
"""' I..,.. ·I 
- ~ a ~Ao~~t>· I!C::=:J 
-=-
Figure 4.6: Contract Form 
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_ SUPERSTRUCTURE __ SUBaTRUCTURE_ -~~--~--
~·- l Laummary--~ -~ •• :~,=-- glaZing __ l 
concrete 131 $83,108.01 0.31 
glazing 1 $1.00 13.117 
.... 7 $587 02 48.511 
~miMor Sol $1 ,4e0.1111 11113.'5 
Figure 4.7: Superstructure Form 
p, oum~-- _. __ concr ... __ [.-.. __ J timber _ __ etezing__ 
-L..J 
Figure 4.8: Substructure Form 
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_ 8Uf'ERS'TRUCTUR _ 8U88TRUCTURE_ _ ARCHITECTURf: ___ SUIIIIIARY 




Figure 4.9: Architecture Form 
_ SUPERSTRUCTURE __ 8UB8TRUCTURE __ ARCHtTECTURE ___ SUIIIIIARY __ 
Figure 4.10: Summary Form 
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6omulatJan: I Silllulation· 2 '--
1::: 1;:::.-_ ·- _- J 
-!ce-nt 103 ~,888.10 212JOM ,~1 .. $82.310.98 3188S.S2 
~ 80 $1,113.08 1506.45 ,.... 24 $5«.28 eo.n 
...., 51 $1,S18.17 331.2 
c.menl 1 $2AO 0.42 ,__J 
glwng 1 $4580 0.85 
• tile 2588 .-o.rn.so 1518MI.o4t timber 54 $o4,&78 . .CS 775.85 
I.H14 SinUatlon: • o.mc 
1::.._. C~~ ~l [ 




Figure 4.11: Overall Comparison Summary Form (Table view) 
_, 
1;:::. - .:::.: r_ -
....Uban.S Simulation: • 
IIMI $100 1.n 
Figure 4.12: Overall Comparison Summary Form (Pie Chart view) 
34 
,-- Project Criteria --------, 
_, 
-3 ) ' • . ' ' 9 Similarity Analysis 
--r:J -' • . ' • w- - .... .,. ,..,. ,_. 




...... .... ... <-w-. , • . • • 
-' 




' ~Jt II ml] 
' 




<----- _ _] 
Olrulty : 
- J 
- Modify I Delete-
Moterlol · 
'-------- B 0 'lub~l : I 1·1 
Em~c.1Joo : -J ~ 
Derlslty : c= I ~ 
Figure 4.14: Material Input Form 
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4.3.2. Results 
• C02/m2 Result and Calculation 
The current users of the system who are the civil engineering students have tested the 
system using a real project case. The tC02/m2 calculated for the project which is 
construction of a Comer Double Storey House is 0. 7. This is considered relatively 
high when compared to the average house carbon emission in UK and USA which is 
0.404 based on the study conducted in [25]. This system was also tested for accuracy 
by comparing the results with manual calculation using Microsoft Excel Spreadsheet. 
• Case- Based Reasoning Retrieval Output 
The system's CBR function is tested against 4 cases. The result of the testing is 
described in Table 4.4. The system is tested for accuracy by setting the attribute 
values of the new case's (Case x) values exactly the same as Case 1 in the 
database. The system's calculation is accurate as it produced an accuracy of I for 
Case 1. 
Table 4.4: Retrieval Analysis 
Feaues Cascx C.Cl Caae2 C'ae3 C.C4 
Type Semi-0 Semi-0 Linked- Linked- Bungalow 
House House 
Rise High High Low Medium Medium 
Storey 3 3 1 2 1 
Area 6578 6578 5616 5106 8280 
C0" 1m" 0.456 0.456 0.712 0.691 0.682 




This project highlights the main issue of carbon footprints and the construction 
industry's contribution towards it. In the effort of reducing the amount of carbon 
emission which directly impacts global warming, the software is developed to 
calculate the carbon footprint of this particular industry as well as providing the best 
substitute material with lower carbon emission. It is in the best interest of the 
environment as well as the society's well being that the system was developed and 
expected to be utilized by the relevant party. 
It has been found that most construction firms in Malaysia do not follow a proper 
guideline in selecting materials for their projects in order to reduce carbon emission. 
This is evident based on the final year project findings of the civil engineering 
graduate. This fmdings paints a picture of how sever Malaysia's current carbon 
emission level is. 
With the assistance and guidance from the Carbon Footprint Calculator developed in 
this project, construction firms can now calculate the carbon emission of their 
activities. With this information provided, firms can make a better and more 
informed decision in material selection to reduce tC02level. This calculator can also 
be used by researches in Malaysia to help design a 'green building' for future 
reference of construction developers. 
The case- based reasoning functionalities would also help firms to reuse past 
project's material combination solution and make necessary revision based on the 
needs of the current project. 
Future recommendation of this project will be to use the embodied carbon database 
currently being developed by researches in Malaysia. 
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APPENDICES 
Appendix 1: Embodied Carbon and density of materials 
Material Submateliat EmbciUi~ Ci!i:bon "kg C02/kg Oensity k~m3 
Concrete 
General Concrete 0.13 2200 
1:1:2 0.209 2200 
1:1.5:3 0.159. 2200. 
1:2:4 0.129 2200 
1:2.5:5 0.109 2200 . 
1:3:6 0.096 2200 
1:4:8 0.08 2200 
Cement 
General Cement 0.83 1860 
General - 25% FlyAsh 0.62 1860 
General- 50% Fly Ash 0.42 1860 
.. 
General - 25% Blast 
FurnaceSiag 0.64 1860 
General- 50% Blast 
Furnace Slag 0.45 1860. 
Fibre Cement 2.11 1860 
Mortar(1:3 
/cement:sand) 0.213 1900. 
Mortar(1:4) 0.177 1900 
.. 
Mortar(1:6) 0.136 1900 
Mortar(1:0.5:4.5 
/cement:lime:sand) 0.196 1900 
Mortar(1:1:6) 0.163 1900 
Mortar(1:2:9) 0.143 1900 
Soil Cement 0.14 2100 
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Appendix 2: Typical Construction Material in Malaysia 
Cons tru< lion 
Miteml 
(Oil<r~t~ 
St~ 
Mortar 
Abniniwn 
Gluing 
limb« 
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OPC 
Fly Ash 
8rlcks 
Plv-.·.·ood 
PVC 
HtghO~ty 
Poly~th'f~(HOPE) 
